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AFWL-TI-,6-l41 , Vol. II

ABSTRACT

The phenomenology of two atmospheric high-explosive detonations were calculated
theoretically. The first was a 20-short-ton spherical charge of TNT (loading
density--l.56 gms/cc). The second was a methane-oxygen mixture (mole ratio 1 to
1.5) contained in a 55-ft-radius balloon. Both detonations took place at an
altitude of 670 meters (ambient pressure 13.6 'si) with a reflecting surface
85 feet below burst point. The calculations, taken out to 300 milliseconds after
detonations, were performed by using SAP, a ond-dimensional Lagrangian hydro-
dynamic code and SHELL-OIL, a two-dimensional pure Eulerian hydrodynamic code.
Volume II of this report contains the details of the results in graphical form.
Included are pressure and density contours, velocity vector plots, and wave forms
for 19 test stations.
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SECTION I

INTRODUCTION

Volume II is divided Into three sections, the last two of which are, in turn,

divided into three parts.

Section II contains plots of the TNT calculations. Part I consists of profiles

of the thermodynamic variables at selected times as calculated by SAP. Part 2

consists of pressure and density contours and velocity vectors at selected times

as calculated by SHELL-OIL. Part 3 consists of traces of overpressure, dynamic

pressure impulse, radial velocity and axial velocity as a function of time at the

various test stations; again, the results of SHELL-OIL.

Section III contains plots of the methane calculation. The format of this

section is the same as in Section II: first, SAP profiles; second, SHELL-OIL

contours and velocity vectors•-,third, SHELL-OIL tracings at the test stations.

The uutput contained in this volume Is small compared to that available.

More detailed, or additional output, in graphical form is available upon request

to AFWL (WLRTO).

I
F
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Table I

POSITION OF TEST STATIONS

Range Altitude
Test I

Stations Meters (Feet) Meters (Feet)

1 0 0

2 7.62 (25) 0

3 15.24 (50) 0

4 24.38 (80) 0

5 38.0 (125) 0

6 50.0 (164) 0

7 63.8 (209) 0

8 79.0 (256) 0

9 93.3 (306) 0

10 26.0 (85) 2.8

11 38.0 (125) 2.8 (9)

12 50.0 (164) 2.8 (9)

13 38.0 (125) 7.6 (25)

14 50.0 (164) 7.6 (25)

15 63.8 (209) 7.6 (25)

16 50.0 (164) 15.2 (50)

17 63.8 (209) 18.0 (59)

18 78.0 (256) 15.2 (50)

19 78.0 (256) 22.8 (75)

2



SECTION II

THE TNT CALCULATION

SAP Profiles

This part contains profiles of pressure, density, and velocity as calculated

by SAP for the TNT detonation scaled to 20 short tons. There are plots for 25

different times.

The first plot contains the profiles describing the flow field behind the

detonation front in the TNT. Also shown on this plot, as indicated by the symbols,

is the similarity solution for the detonation wave, obtained using the LSZK equa-

tion of state for TNT. Agreement between the SAP "burn" calculation, which

provides a nonself-similar solution, and the similarity solution is excellent.

Succeeding plots show the convergence of the rarefaction wave on the origin,

the formation and expansion of the free--air shock, and the formation and motion

of secondary shocks.

3__
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SHELL Contours and Velocity Vectors

This part contains pressure and density contours and velocity vector plots

of the results of the SHELL-OIL calculation of the TNT detonation (20 short-tons).

There are plots for 8 different times.

The first plot shows the reflection of the free-air shock at the ground.

Subsequent plots show the formation and movement of the triple point and mach

stem. The heavy black line on each plot shows the location of the massless trace

particles that represent the TNT-air interface at that time.

The numbers along the top of each plot represent the horizontal index of

each cell of the mesh used in the calculation. The numbers along the right edge

of the plot refer to vertical indices. The number associated with each contour

line represents a value for that line appearing in the upper right hand corner of

each contour plot. The velocity vector scale is similarly given in the upper

right hand corner of each velocity vector plot.

*V I
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14(i-., Tracing[s

ThisJ part coptains the tracings recorded at each test station of overpres,'ure,

dyuam:lc pressuire overpressure impulse, dynamic pressure impulse and velocity

resulting from the TNT detonation. These are SHELL-OIL results.

Table I gives the location of eas-h test station.

57



.!Vol 11

This page intentionally left blank.

58



I I *1

~t

1 ~17

_17.

-4 --4 ---

JI I _ _- ~

I 159



I Iý

I L

7 I. 7 w ;

iA pl t::

-1* ~~ L It ---

17- , P7.

--- 41
6 6C



A '. I
I- JV t i: 1

14-

i-L.- 141 I

GILI



'I ++7F

!~-4 j 7- It 1 It

-i I# t

tVIM

I t

II L



IiI
Jr- "It~

It

CJ. W

4--

F -ý T -

IT I

.4 .....7
A :~t~-'771



7: ii'7L l 7 7 -li::::MH 1
... ... .

- . .1-

Ii. I Iý l t ,

TT -,7_4

Eit

I ILI 
lit

l.li fit~ Pil

U !. o .. .. ..

-11 7 1 lt it T

N. ... .

S I J- H, I _U .H A if S.8 I I A. ] I I

2'1'I+I TK
._1. '4:2±



I i1t~..-~ L

K ...)... ....- ~ ... i

.41]l

!ht i!4 t Ht t

I]fit

-~i A 4f--"-

65j



.4-j

~ 1-.-±-1 -



-J I

I 1I-..L..

AA c I-i

*-67F-



I~ I~

I~:. :! I t.-. -tr -
.21A

7i :1.;:

i p P 1  ~-i;I

*114

Itit

t14 t: T I

-1. -1--
it 1

1: __: I i .

iI-



4 -14

-- LL

.77 ,

.2;... Tiff'. i p

Et. AT -

417ý II v T:::'v
lp It



q 71

pi

II ni I41 .

I. I

ji 11AT Iil t I I'

I tTl;-

iKit
;1- -i;;4 4 --. oilil 0, tl. i4-1 litXI M1 1



dV 74 _t'1 iTt".j I.I44

Kl~iif I

1 .

_47

I ri

i4ip ITO



1I-4-4

:it
7-4.

I ,f i, 1 1

C. !lit f~:£. .- - -

j1 tipt~f

Mu 4. ý.; Mgt~

II

4 ~:7 r7

-A.-~ I
<IV BFr

h-P 72

711



----- : -ri :- 4f --
FmT: :1 ~i

54.

T LT

I.I
---lib i:KtEI4..*...-.



Ht t ...l .. 1 -1- i;4 -

;Ii T L

7. T i

t: 4it 1f~ l l l
5I til 141 f i I! Ii

A1 lo I1Jt~l t
i j lV I v Ii;*I. Ii 1i. ; : .ý : 1: :

tIi , 1 ii1
... ... ...

I t J . ......f. .



, cj

t+;117.1 1

.... ... ... .. T I~ .. !u:
I tf

1 4 -27f0. :14; vK

.- 7-. 4 4
t I.-

I i

7 -t-I

t7 S/1 It

I I I j~~* t .*~ -f~~75



'Iis

... ... ...

-ikiI

ijit

i tIt

-4 t 7 " t4-11;t

-.. ......



711

IT

iiv-

T 7ITI :1 1

77-77
A, ~- I'v..'.I~i



i I tH
I J_

IH 4

di 2 : Eý1 -.

i--I

ilh 2 LL:,~ : ;iK;~

-- .~AI oi

~LL -o-

it 1-q ,-: 1. X

R: -4-4-ET

-~-±i~ J~ . ~ I1Y 477-4



-14-'

JIL~ ~ IT1 v4*C

.. ... Li

- IL5

II fie)- i U A

-4 7 19



I.Ad

..... ..V...
7T Vi

HL14~~; I-- -

I ~. ... .w ....

I it

~~lH
I- ~ I

41 ... ... ....
7

4- +:
j at L

TF i' I~ +diJ 1 $ 8 '



it: i.. . .it

It. -.- -- 4w

-{.iL4- 1111zz-~zi~ v~ 1
+ i I!! .. I-

..... . 4 4 4

it 7F~

AL .~+ 1
4. Zr I



J,

............... r.4
11, 20 Ott oý. -iloi

7"" FJ
si

Ji

Ph NO

1 oil
...............

ýwh -ý:!: 4 On
WL

..........
N! 'H i-Et. N.i iýw ýiý' i:Jýý:

sli stoil 11

Mr- I:u: Q

týT-_D 

..

tJ4J4t tj4j Ta.-

upISH ON.'! a 4E ROR Rff iii: -ui sl
q: IfWill ý1ý'

ol HIM El N D 4 q:H R to No WIN.,
h .1DEHAR

IM !gig 'MIA flEi iFF4 i mom MI
-M

3' ED HE E 14; 24 P., M.4 ist'li LIE t., ME

7 ov; To i

s-A 14111 U IU ME Qi:-Ei
.......... f 41"PI HOE 1H. ........ ........CIA ýýi f I M, His 13

110V

41D41ýýl is AD mi"i +

.. I 
iff

.... NET to W of RN his
uof pit. u" s . an

4ýs E, 4., 9 -:A 73 W'ii: LIEU is ha&H v -0 B ig 4- H WRo:1 n no i In, Ms:HE W Tom
MIN 0, M

4-h I TiLTýli ;F LTU
44 44 It H i i il ii

K 1 11-1. a 1 0
.0 tt-,41 fR+ ft- RD lp 414R19.49 111

M
i 1 U.-i I TIDBIT' IF,AD AN 41 S U "MPH mi ......THI *or

1-HIT51oil H 4"" "E an
12 fftttt

Ott.."'

il. 7
1-7

7



7

ILL .1

77-

j d
it;

r7.-. 4 "..
r! 'r, ... ...

ý17 1,77 7

ip.

tit
-ý7

i it 4 jHE

it. . ...
it, T ý;!

it -,I ;n. :ý;I 1 z::

-77 .7;

it 
'I it7 7 7ý 117

it

lif I-M i,: ttti

t tit, tiia-ý

71- 7"ý M: t:;;
ml :!4 it Ir

lilt -P ;il*
7-lit. i 11 U4

It -- ti-I i4
,R:

it. it lit1,

i it;ý:U v it ;lr iiii :4: P !I

it' .1 ':7ll ý1.

it, 4T

1,; 14 jilliriliffilli 911 pt Bit IM lilt; ...

:i, it4ý 104,
4 1ii'l it, INt ". - I .

Hf
"17% tl 11;'W'. 1*1:1

i m ;4 ,; i ,i-
it 1, U ."

t". 414, -1ý - -

lit .1
nl ;I M-, I!

7.7 ýýW :r _AM .. ....
11L 11 1 - v t 11 11,11_4*11ýli
'PITiý,,: il:,5

it, 1-t1ii f1b +1111. 1 PlIff M ID 11191".
Iff ffiiý lil 91' mi Ty

Z
ýf il 14 1 foN 1 '.4 M

VF

f!0
q..: :71 iii: ;iý

i!H 
it-+

;is r 
tic ;t;:iz

It

it
!jý

:it
I.: m: h; i.

93
7'...... ... ... ... ...

p.



il; -4;

. . .. ... .... ..

TT 1ýl
Li lit

tit t
i., J

ITT. 1;Rill:MI
t. t f1i!1:-t-11tit

ý;ij ;i::mi tV IT .... .... ....
IT' r:T1 gu !I.' .

T
it
I lit; I itýi it:

OF T, i 1 itt: !I+
I; qi 11 FIT;

:qq: ii; ;;It t IT'i 1:i,:: t1ji
::4 iý, j !lit 1'ý4

lit. 7:4 1 1 it: !iý*
pill H: tit .... .... .. . ....14 lit :1 , 1. -1 1 , -. T - 1:

Lit: ýý l ý1- n: I
IN: i rill I I * i i: , :t*1,111 Hit I 'TO .it it lit! K;!

I hit it tit

::1 jpj llu iý iiý; i;p 1 t ii l1i li*l I tl it 1 fliffiii, "!flt 11;; 4,11111111, 1 :1.: 4 1: j -

.,v I I! Ih lit! fu l", LIli: "1 1 1 lilt a fiti, vi; ýilp

Till

z 7 1'. To: it I it ; iir F--ýT iiiiii:
ý:i; it ýRl i 1; Tit*

-J iý MIMI IM 1: --1 44 1:11,tut Tin lit' ... ....
1!4 ug 1!

_4 14 It -'J; Llý-' - Lit+1 fftfft
!Tit itý! t.1i

it Lit Il- -1 'It.; it14:1 .4 1Hit 111

%i 
TIT.

IT
-1; qj, :TT - I

ITT

Tq
!TI 11 H111,41

+
ii U R " ail IT

'iý*: +U ill

low- M T:4-TVTIP.1 ir ' ITtp , r ; W!
UM H

I; lit ::IT! 1 
13.1'U., lit ;Mljýf 6V 9, 41MLOHMM 11-fiffl, Wffijiiffiiý: UJIMM-1:44-iARIJt,. ii"Ti. WORTUMTHIM 1" 4 + PIio. - T'. 11 IV HIM ]itt + Itif ittl Af,

V "Hi

Tit;

71 . ... ... +11

H .it itMi TIM , ý- Iý , :1. 1., :"1iý,; it Tit vii ITT. Tit, T! . ....
TIT w1111111111111LUMN M Rt 1U4 Titi... ... 2 4W. 111.4

ý:I:*,: n I I-
+ IT f:"If 14

it. .'It .;11. IT ;f4 11ý1 9 ;iN 11-1

:;T i+.*! Ili., lin

IT up ITI I IT F11: I Till: ý4

I iftf till ff I 16 H Ili Tit fill it ;ýp

lift till f. 4 1 i I till tt 1;mr

Tit Tit+

1:11 lzý t IT H

IT
Tit lit I A a,

ii: 
71

iL: -T
IT .... .... .... ....... .... 84 .... ..::r ;IT ti,; i Tli

ýý .. ... 
iij-

-77 .... 1;;.1; ;: 11.1 i-il

Yi: :,Pýýftf
,-TT-7-

q



1-7
T.

...... hit :1 T

1 1 1 4
t T"!: :3.1 tti, :it

41H "i n

N. 1. t t

ti ;-I
.I,. im 4-111 TV "'it, 17 1 I - . t.. 4 i!

t;ij R4'

It ln

It . .. . .. .

li- V-

;'q'TP4 'M M V 9 1w Pit W-j wv-ý 91 N T'

!Iil 41 :;,1' 141. 4":

-4,:" 
M H

fl PP -M ni;

11 

qiý El

MtfiqFig

'v!
rit:

;Tr,:
WIR

I J

dil 1111411 ;H ff-

1 tj "-.1
i-,

_n izi, 1; ;ýl'

I.'t4

H

!I'Li fmi Lf ilmý' 411 -T TttI 4M iq 4ý iff PI:

IMP M L-ýi '11,

ItV

it 1; 1 ;.4! ... ......

Aý ;,I it

FN ::t-] -

a,- IM ot'!

;t:t

.77t



I. I-- -L -

L- IT

;-"t t: i

iti Z-1 ::1 'i

it i a: .11.1

ti- -.- 
N

1 tt



----77-7- -

1 7~

a.. t-4 1

. .. .. . . .:

.a . ... ... .... ~

w~ IT, -. :o:>

ifi I -,

L::i, V..
4 4I



"I-T

hi t

w t 
.1w 'I t P

-1-

-TIT

Lai 4
tt' I

A O'I US :RI;.11 1 MA

77IL-7 FIiT+



.. WI;

.. ..... .. ....* 0it
% Lu

L. P INI l

I-7

A ý.qq~

§ t Ii 17 .:

7, 11-



77 Lv#j ...

:4 ii
a int

~7

77¶i.~au



-Ar

AL~

7II1 
L-

___~ 2.. ...
~ j. .1. 1. * 1 -

-it

it.4V

7: 7 '.
it±4

91 T- J++_



cu

77t7 7t
ia! iýý

jjý:
771' ih-

7H

T- 274ý ail - -,:
I Liz -

nj --:MTI I .TT.,
jigLn.

aL
I url

L

aii

i4 as-

El

aL

".7 7 7. 1':
7T- laý

rýý 7ý! 7. -- L;

Lit 'A

-ýZ- L7ý L:--4i

7F: 
.'77

mL-ý 3r-

... .. 77--

rTýa



1I 7

r It

4-'- -4

II I H

3- 31 7 Uk I



J1-:. * 1 I

_L._ JJ*
ii; ~ i L jI. 

- - -f-HI 2: ILLlf [ 
-~~**ct

P i 1!:

ji~tiI1I -I;A

. .... . . .

-rr

:I;: Tt;- .. ;
ii;1F1z;

IE7.

77. I.. F* F 
L

FT



4~IL

1.1.1 t '

T v.~

~1~*I A~

44~i

H-~~ ~- .. . LK H l

I.I. ! T l

in II73 o3P L



UY cu

19 7-

.. 77.

.. .... .... ILL

Lai

ýLL u

LL:

U I
77 .

T IT

LE

-ij i:.

Tt
;i4

IL iýL

pp

'1114M tf

.- A



-4i -v 1-11 -41L.

:12
.. ...

* m l 
- - . .

4~~I ------- -

UI:
I~1 I 'd'U..P9r

97--



- F-

__, W.

jy

... ......

~~rA E

V il 9L I: Zl

-..-. __ . ~ ~ ~ i:; ;q . 1. f.li....:---t,



L:L--

L ;I -4.--A

.It L= Am>Kf' .ý ~l lt

-114

i~L c

~~11

I 44

I ~ ~99



;1;: .1: -IL.-I -

IL~ I w

.. ... .f1 - ..1+
ý:I .... .... -.

1!1.17 !.n - - '- l - jj

77:-4

:lu v ..... .

4:.A

*;! !ý. 3i ~I t

tIm' i. .

i. 71. :1 w1 t4

:,1 17'-



~171

F7~

7- 7t +

7.A

j."j

44 F I-

;ltt,

1~. .....-- Ni

m1 4o; 4..

T- .7-~

-~ -~7

... 01



K--16'
.1r 7i''t

-~~~- -4 -

-4.-.i ti; 14-; ~. ;;7 w2 a.2 :

A.'
.... . .. . ..2; 2

ulu -471tL
A iiiI

T Ij

Nil I.Lil :!i
L ii Ii It :l



Ii!~~ 
~ 

_ 

Iri

_ 
fI Z -

T 

_ ~ .- 
_4 7

r 71

J -
T 

'-

.1 
7 1

all:

IVui1!

tt* i* 
.

IK
:tL :T it

TT

.. ... 7....... .

1 tN IH I )I 1: 41 11IA



... .. ... ..

:Itt~ HUI.:7T~.

z j ij ... .... 4

t It4 ~j, 99: .* .

l o. 1L.

t....................................



E 1. -1 -.- I

4-4

~i1-ii .-LA

-~~~ .-. .. . ... I

at.-
-4>. 1 4 . ;.- I

H.-

_ 7f
H~IT

-AV
-1 L :iK

-~ ]-i -. ~ T71



i I

t ~l

777

+ý4 IIi
~~ 1 i -j

I 2 : .Fi : ... ...

It -HFF.- 4-J

I _t
J. . 1 .. .. ... 1. ; '

3. 1

I F
+o

_J_ I- I+



j;

L. viIi 1

j-.~ ... ... ...

W- --

iti
-107



4i

it~



+, I- IE

I If
'I4-

r '--us4

4~ ~ ~ 1 1 I I K

141 44 vf~ ~1~~
~ ~-4 $ ~1!FT-4 4 ji V

1~~1 t1~ ; -

-t! c. Iii]

lo . j..
F- j- -T



LI,

Lo1-

tL~it

-p .1 nf 
ji. VIA

110 

I



-� I I I I

ii I I4TrLL� �

4-4 2 -4-i

I � I J

TV it
I I I' I Li

�'Jv �1}K¶iT.1; 'Si21 +2± Ii :4
4- z� B�fE' �;�i4i � 7J112i Li. �

*1���� II
i1LL.J1.. .4-..

;VF2H '___ fl
-V.. '- I II:VA7 -'I

-- a..- t I
Iii' i�* II7!I§.�i44j�. � .1- .L�

i-I I 'I: 1 1-4-
� -' I���� I 1*�* I

I I



L~~~c~ rv *~~-;

*1- I.' '-

L ý1 -t A: i(IF

1.12



121

Ji;J:! l:{ "*Fit

11 flj~': ri lot



H-7-

Ij-

_171

t-74

4z1

11 7 1.



I~i I

7th2 ~ j:1~~ I~

-'-4 44FI-*.

-14 1.4 . V7 F1

Mji I '+.. jI :J .. ý 4'_
1T v.-.14k

tt

I- 1 115



'ILL

I~~ ~~~ .. .... .. z#~I.11~.~
4T h

L II

7_1



'1 0

7i4s
4-44-4 I"T117{T+7177;71177

%--- -

. ý Mý 44 80L

"A 7II + 4½.
4-1 ht T7"1~-I

S.~ .1 .

:Iij
.1

117~



I Iii L I

4.4.

ILL



T- 7.

4a . 7'F "14
t;, L o t I -L 

*-i .

I! i-j4

4H ii. tI 4!I

-47 1
tf:; -.tj

4. 

-r.T

b rc 
-r 

-3 
T1 

R 
41--

>1119



Firh

-tl
rift

V 
A- i 4  

M

Tr__ I tv 
ý L.

_l

4I 

...-.

22



~ I t

I 1 i
ITf It

jI4

4 11
7+i 4

ii~j Wit

II?''.-4 -* .. i -~ - L 11

I~ MI-r It
- I i 4121



i 
Wi 

I~

K; ~~~ 
V 41 2Li~4

I122



II 
P

fri 
FtI

Il ~ ~ ~ ý ;V KtK'i

I' I~II -i

123
I I ..a.....jf l



I 71
I I I44 I

A *~~
I I ,. ?... 7

I I I .j124



...... I 1

ICIE

1)I~ ti J
I I I 125



T.) t

i.....1,

J- j

A*1 ,I.,14 1
i~. 126'



I .cu

T 7i

It*.

444

'U I .la
1  1 SI1 1 H .1

12



IO i

~~4 .L

'kil

4<41t
T~jm~- a, xi

K ill 128
1 7T -1 -



I I L

1: I .''I

It494, I
I1 I

I F 
0 I

**_4L 12q



I-

.4*1

T- k1 130_ .. '



IL

II.- i ~ , 1142171 tL fF4
AzLIlA I.-l TW ..

it- :1 . u I
131.~- -~



-Fl

C 1 I J'
c I

lLt I j
-t aI132



Ti 6

it, L.

W1 `!` i!! I" ~ I~ J-il

I T
A, L

A.. I:4

i4 I

-t---~- 1 -- -133-



I I
-J .- , -4-. ci �, .4-

I I -� I

I, I I
I �

j -k �

It IIl�I

�}
I 1-1. �i1�V FLL�

K*T '1 -4-

I � ' 11 I

1 1 I .�t-i.I I �
1 t 1 1 -I--

4- I -4 1 H- +--
L A

��II � I- � I F-

I. Ti TIlT: 't� � - I t1

I I

41 V. -v 71 � 7j7 .47 4 V

4 t V. �fr1j*
f 1 I I

I I
�.--I.j I[ � -I- --I - I-

-1 -� 

U-K�t"�i t�-�1�I!�rI j14 p7�1�* 7�7 714
I I



7r-

i t-

I Vc
i-.-4.

I I j JAI

V t ."~.-- -135



It-

I- i IýT ; ii:

It

13



T! ti I -4

]j 11. I I -A

!:ýIT 7T

A~ it Jjti

4K i tjiK 4 i. it

t '

*1137



_.. 4-1

it I K 1HLHt
"Iliti K

71.1

.. 1.4-



IImp

It-

itV "V7L77'
I Im.

1j,.I

V -H 44
if139



- HI fr f4

'I Iia!L .4-Ljt

Vtt t4~ L

I L i "

~~~ I 1 1

*1' -.- .. .+

4j ± 1+ HT

7V t II140

I4'



7U~I .......'-f

W. 1% 1..

77 <tt i

1 ~141



6v'

r"lo

... ...

~~71-

IT V -v "

77'

I I

IL i-142



I- IT

Iýit v

4t1~j
I -I-

III140

471 -I

1"T~Ii

Aar"I

77L

171



, 

i

16i

411 1
AIi Ifi 1'

FI +~It~ i

.14



EL-L
~Li~17

I 0 1

i.L 3- 7

I7I7.I] iL L1EI* '

-FI I145
V ~4 1



t~~~ý 7- i~iL
I :T_

LA

t 
_44

-- I
'4's I- F

4- --- 146 4-

p ~~



.11
'~ I I

t 2 422
ii I

4-~I :;C7'

rr W M ir i A
117 - t



iii

UI" :i

' I- L:

q-j j 3 .11,

V7~ ~14148



-7 7

tit

$ P-

I W4

_ -4-~~~~4 1-I4- 44V-. i4LLp
I2 I Am

149 I-'



[j~ ~ E f

2j1Ri -v
-441± ..i-±

J17 ~ ~ ~ ~ - IiM' d 3OumAM



T i 7 I

...........
I rw F

.iIL. L[;....
L it Icit.

I 4.j4-.IA
It 1

~tto

-~ 41 1 
I01

4-I~ 4 15111V



~1 I I ~V- I 7

iiI
-T7 _A

RIM.1~

_12~I

>14 1'i vI
QllA

I I _ Lj
I ~~r o ¶ .T.t-.

152I



'03

- ~ ~ I I L 3

L7 '

1 

71U L +

7 -7-

~ ijiE

~ *= 1

1-[1-T
~I1~ I -71

53 f' 7 L4~



74 1.

0

IT i1ý1 3>+i i~h
II-T

"-4-- 154



1 1u
_TLL

T.; _4t
I Ile_

_4L i 4

I I I I F7

1 -t L iu.'I IIIy-4

!-~~ TT~iv

I~ ir

+ 1551



L _J. 
......

1 

¶j~all

j.....i' '*t*~~ 1
~.,.~ 

.j .c):

II 
L 1$ 

*1

156 

J-



I- I-F

7151



d i~

V74 I~ 7

K..K+K-.t-1R:L i

4t]'



. Id

~ A1IA

ifif I -ý - - .-; , I ý 1

t il

t4±>~ ~ > K.~4j 159~ :74 ~_ 
__



4 _1

A .. + . 4 --

Ii --
Cu4

±7±stJ'144
~ Jr

T~r ti1> -t112z4i 4241

.- -4

TI A-1-160



1 -T

ILI

I 17K.

77I 4- 42
I L

-- 4



4 It7

I C7

'I L
A _ 

(eal

I'I

.............

1621



+ A,

I tL fnj!j

1 J It.,
- ~~~- El ~,

~1 1±i IL

j Ij

il-i- 1 4z

+~~itl;-ji< t



I FA71

*12 ~ ~ ~ j .2 it;i~< !

L4 ' -4 - i

116



ju.

TPT

4IiL

116

4- -i



I I�Ii

ji I �v-�4 zLI�z'
I � ii I

I � I �-1 II :1-

i r

,;i�Li4ii� V7E�vv � 1j121.L I �L 4 1
il I

L ..W i.
f
I I

L42.L..V1
-s -�+�--- e

* L�nff jw¶
-4-. -I

I 1. �iK�iuj
L .1

± :1- +±1�4� 4� -t� K±71HH 4�4�r .+. -I-_ _ -+ 1- -j 'v'
-� - -} II

-� 4-1
x4....-�- -- b-i I0!I4�

I '->�-

�

-V. iLLII ut K
-' 1 1 -�

7-. --

4 +L�±.�KiLL-- 4�

2-.� 7 �Lj
4 V 1

-� K�' � <Vh�
1- *-�----I I



- 7t

-7-I ~

I-, --- ----:_ L 1

MIT i 44i 4 7
- .1 1 ----- -IH

............. ............ ,7

iitit

II01

C +4211

4-i -i -A

I~~7 7- i1 I



iim

L 4

t. .... ....

I T-
tt J IT¶

7- 1 . I

II
~17~ -t~ :Lt.



Ii i

77-~
Jt _J 1

I f;( -4 I



Itlot

I Co .

E711

rf n

~ -4 _ -4 -
rhjj:

-i 
1~7,T]

Ii ~ 170



IIL

J I 
.- _ -,-'

j I..

~Ol-

IL,

LI I J i
~-~--171



I '�11

* I

* 
.*.".-*.

*....*�;*���* 
1 

I. I
II

F IFI 
II F

F 
F .jj � .

F 
I 

I I . * F

* � 
T 

I!

F 

t 1 J

_ 
F '1ii

.. �

t��F 1  
fF � 

- F.

I �*j 
1

T 11
F F � t t

'-4 -I- I �

I 
� 

F 
'F

K- 
� I 1�

F I�2

r �i:z�:. 71

Li 
I -j1 � .

.2 I�-Lii. .1.

ii
IF '.

I :pij.jj

ci. � I F2
I 

.1

................................................ 
.� � si1- -1

.1 IK. 7*7214
....V. 4�.

tiiiiIijI..ti -- 1A72 � Kk�.
I..

F 
I I

I * � �. V



EL
I--k- ~I_ 

JJ

I.~ 

4L~

gH

I L fl

f-vT __ T

t ~ lT S 3 s i n f
173 I



I I

I I

iip K*- -

i17

7T7.



1t I

.- II

71 + -l-

H1 X

II 

-4.--

~ -;TEV~tTI175 4.



IPT .

IT 7

>t:! . Ell .4

I -1j

-L i



.. .j . .~ I ..' ..

IIý i o- -- . 1

L44 . ...L.

+LizV

:::± ::I-::::

I~tr
iJ-F4

* ~~~ ~:i . i:2 ±44 ±4 .! i-- ,:: 2:±±::

4±: 2 :4; 2 4.

K17



-J1' J K;T

It ft

'70

T11.

'1h; ..... ........
21iF. .... .. .....v ~

"11-.1 -
kg- -I:1:; l



j�j4 --�
I .i...>i I

I. I i

1� iii
�I4I

l44��'

� �J i4�iIiI 4 14I�� I '�2 .4.4.

� I!

4 1 4 4 ii n7 �

1- I .1 ,I'

12 1 i Li I KjL4  �v1iK�4�� 1>
I I l� 1 4VL H'� 'V

iv'

IA 'Ii �1 �
L� I 4' L -� -l

I� 1 �II
F
I � I
,II I 1vf t i ii iv� 1tt+�7]��

� -i-

I I -�

Ii Lj�. .4.�

L I 

--V

�;j > I -4-I
lii IL ¶ -

1 1 1 II I

4 I jI I t

- I

4 4 I I �



..... ....C

Ii :F,ýi j .,

1~... .......... I
I~~.... I ....... .. i

*~~ Ell11

1; 41i z

* !FIT
4 V I i i -....

4 I4



V'1,

LL -1 7-----1---- _,T

L I.L.lk

_1_

~ 4-m

T jE

4. .. ... ..

Ti t::.i~~



This page intentionally left-blank.

182



SECTION .III

THE' 1-13THAPNE CALCULATION

Thicf part contains profiles of pressure, density and velocity as calculated

by SAP for the wethane detonation. This charge, a 1.5 to 1 molar mixture of

o\ygen and wethane, was initially contained in a balloon of 55 ft radius. There

are plots for 16 different times.

'lhie first plot contains the profiles describing the flow field behind the

detonation front in the methane. Unlike the TNT detonation ambient pressure

(13.6 ps:i) is not negligible; therefore the similarity solution differs from the

SAP calculation by approximately 5 percent as can be seen in the first figure.

The similarity solution for the methane detonation using the following parameters:

detonation velocity, 2.7522 x 105 cm/sec; loading density, 1.07197 x 10- 3 gm/cm3;

gamma = 1.2136.

Succeeding plots show the convergence of the rarefaction wave on the origin,

the formation and expansion of the free-air shock, and the formation and motion

of secondary shocks.
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I A) •~; i~a!Vulluclty Vectors

Th, jprt coutains pressure and density contours and %,elocitv vector pJotL•

11f , rwc,'ul[t oif the SHELL-OIL. calcul-tJon of the Methane detonation. Tlhertv

chopl.k; [!)r eight different times.

'TIhe iifst plot shows the reflection of the free-air shock at the ground.

Subs;equent plots show the formation and movement of the triple point and mach

sten. The heavy black line on each plot shows the location of the massless trace.

particles which represent the mp.thane-air interface at that time.

The rumbers along the top of each plot represent the horizontal index of ea-h

cell of the mesh used iit the calculation. The numbers along the right edge of

the plot refer to vertical indices. The number associated with each contour line

represents a value for that line appearing ir, the upper right-hard coroer of each

contour plot. The velocity vector scale is similarly givpn in the upper right-

hand corner of each velocity vector plot.
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AFWL-TR-66-141, Vol. ii

SHELL Tracings

This part contains the tracings recorded at each test station of overpressure,

dy..amic pressure overpressure impulse, dynamic pressure impulse and velocity

resulting from the methane detonation. These are SHELL-OIL results.

Table I gives the location of each test station.
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